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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

TECENICAL NOTE NO. 88.

THEE CHCICE CF THE SPEED OF AN AIRSHIP.
By Max M. Munk.

Superio- navigation can increase consldersbdly the range of
an airship and improve its economy. One of the most important
problems of navigation is the question, which speed to choose at
esvery moment and in which direction to stesr ths airship. The
answer depends on many considerations, but for usual conditions
it is poseible to give some fairly simple rules which may be of
advantage if reasonably applied. |

It is desirable first of all to keep alWways that absolute
course with respect to the earth's surface which gives the short-
e8t absclute distance between starting point and destination of
the voyage, whatever the strength and *he direction of the wind
may be. This is impossible of course in the rare cases that the
side wind sxceeds the greatest speed of the airship; and, if the
contrary wind is strong enough it may hasppen that the navigator is
able to hold the airship on her course, but that it is driven back
wards. Under ordinary conditions, however, the alrship ought to
be able to keep her oourse and to advance in it. The path rela-
tive to the wind is then the relative path of shortest distancs,
under the condition that the wind is constant during the entire

voyage, and hence the course is the most favorable. If the wind



changes but slightly, the distancs relgtive tc the wind will now
be naterially inoreased. . For extreme changes of the side wind
this may be different, but the navigator cannot know in genewal in
what way the 7ind is going to change; the probability thet il re-
waing constant is greatser than any other, and any other assumption
is in most cases gquite arbitrary. The case of constant wind is
the most imwvortant one and simplest, therefore, and should be
disgcussed.

In clear weather +the navigator is well able to determine the
absolute course. Over land he can observe the relative motion of
ovjects or lights, and over sea he can drop down =ny floating and
~ visible object, luminous at night, and observe it. The floating
object assumes the velocity of the water and does not stay at iis
place absolutely, it is true; but the motion of water is smoil
when compared with the speed of the airship and is wmoreover known
in many casss and can be taken into consideratiomn. I the air is
foggy, however, the method of observing ovjects bensath the airsaip
is no longer possible. It may be that the previous method can be
replaced then by other methods, astronomizcal, if the sky is visi-
ble, o= electrical.

Now let the "Speed" V, denote the velocity of the ailrship. with
respect to the air, as measured by the speed meter. The compo-
nents of this speed narallel and at right angle to the adsolute
course may be denoted V; and V,. The absclute wind velocity may

te denoted by W and may be resolved into the two components Wy



-3 =

along the course, W,, the eide wind, at right angles to the abso-
lute course. ‘
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Fig. 1.

I5 can easily be seen that the condition for keeping the absolute
sourss is V, + W, = O; that is to say, that the speed at right
angle to the course has to be equal and oprosite to the side wind.
The question of the absolute side speed is thus settled and I pro-
ceed to the chief problew, that is the ragnitude of the speed of
the airship. |

The favorable speed of an airship is chiefly determined by
the condition of the least consumption of fuel per unit of travel-
ed disténce, although other conditions come into play. The resuli-

ing rules depend on the character of the wind; whether it ie favor-

able, that is nearly in the direction of travel, side wind or con-

vrary wind, and they depend on the variability of the efficiency
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cf the eangine-propeller units. With respect to this last considf
eration two maln canses are to be distinguished.

¥ithin & wics range of speed the efficiency can be stpposed
to e practically constant: In this ¢ase the consumption of fuel

ver unit of tine 13 proportional to the cube of the speed, that
is, proportional to (V,° + Wéa)SIE and the traveled disitance
daring this time is (V, + W,). Hence the consump%ion per unit
(V.2 + W,2)37?

V1 +W1

expregsion Wy, and W, are the two compornents of the wind and axre

of traveled distance is prorortional to . In %this

thnerefors givenﬁ the only variable is then V,. The condition of
the ninimum coasumpition per unit of traveled distance is that the
differensial quotient with respect to this variable is zero, that
is

3/=2,

=0
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The expression is still too complicated for praciical application.
Considering that the constancy of the effislency is only approxi-
mate, that the wind cormponents are varisble' too, and never exactly

inovn, that moreover the consumption in the neighborhood of its



minirum is hardly ncticeably increased, the expression may e
simplified without Giminidhing the usefulness of the result. The
simplification consists in replacing 1/2 the factoxr of the first
term under %he radical by 9/16, thus ihcreasing the value of the

aguare roct by soue percent.
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If the side wind is fesble, V, is practiscally tke velocity V,

and W, may be replaced by W. BSo taat

V=373 W
4 4
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Hence W has a negative value, i.e., it is a contrary wind;
and the most favorable speed of the airship is thres haelves of
this contrary wind. Thils makes the speed of the alrship over the

earth one-half the magrnitude of the wind.

3. V = =

air
Hence the wind is in the directicn of thse/ship's course, and

obviously, the most economical procedure would be not to consume
any fuel, which is what V = O means. The speed over the eazth
is then simply the sreed of the wind.

If, on the other kand, the wind is not strong, but on the
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vhole is a contrary one, we cannct uneglact the side wind.
v, =2 (W - W)
* 4 1

i.e., the velocity should be three~fourtins of the sum of the mag-
nitude of the wird and the ocontrary wind.

Goneider as the second assumption; that the efficiency is
rot constant, but, as is approximately the case at small speeds,
that the efficienoy is proportional to the speed V. The specific

consumption is then proportional to

2 2
v + W,

V, + W
and the minimum condition is now

v, (v, +W,) - (,> +W?) =0

Without any side wind the most favorable speed has to be twice
that of the contrary wind. The expression differs from the one
ocbtained before only by a faoctor; it is 4/3 times as great. The
general oharacter of the condition remains as before. |

it is‘unnecessary to calculate the condition for more casss.
Obvioﬁsly, for a smaller variability of the efficiency, the factor

can bs taken between .75 and 1. It is not necsssary to have the

N



absolute zinimum, nor is the varlability known exachily enough in
every singlie case, And even if it were so, the navigator has no
time to calculate the speed with long formulas and with the nelp
of a calculation mackine. I wish simply to give him a falrly sim-
ple rule which he can'keep in mind, and which will give him a hint
as to the right speed. For the application of the results it is
only left to decide -down to what speed the efficiency can be con-
sidsred to be constant. With the usval propellers and under or-
dinary present conditions, 65 mi/hr may be considered to be the
lower limit. For lower speed, the quick arrival at the destina-
tion rather than a small consumption of fuel becomes more and more
the consideration of the pilot. 50 mi/hr may be the absolute min-
imum speed; that depends on the ¢ircumstances. The following o
rules result from the investigation thus finished:

I. Always keep the absolute course and steer a%t such an angle
with reference to it as to neutralize the side wind.

II. Strong contrary wind. Take a speed 1-1/2 times the veloc-
ity of the wind.

III.  General rule. Take the velocity of the wind and the veloc-
ity of the course component of the wind, A&d them together i1f the
wind has a contrary compmonent, but subtract them from esch other
if the wind has a favorable component. This sum or difference de-
termines the speed of the airship relative to the air to be chosen.

(a) The sum or difference exceeds 88 mi/hr, Choose the

speed 3/4 of it.
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(b) The sum or 3differsnce lles petwesn 28 =i/hr ard
85 ml/ar. Choose the speed 85 mi, hr.

(¢) The sum or difference is smaller tkan 65 mi/kr. Do
not choose the spsed smaller than it; she sum oz
dirfference glves direstliy the spesd of smallest

consumption of fuel.
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